Modeling, filtering and optimization for AFM arrays by Hui, Hui et al.
université de technologie 
Belfort-Montbéliard dMEMS, Besançon – 2- 3 April 2012 
Modeling, Filtering and Optimization 
for AFM Arrays 
 
H. Hui1,2, Y. Yakoubi1, M. Lenczner1,3 S. Cogan1, A. Meister4,    M. Favre4, R. 
Couturier5 and S. Domas5 
1 
 
 
 
1FEMTO-ST (France), 
2NPWU (China)         
3UTBM (France),       
4CSEM (Switzerland), 
5UFC-LIFC (France) 
université de technologie 
Belfort-Montbéliard dMEMS, Besançon – 2- 3 April 2012 2 
Objectives 
 Design of the Array 
 Functioning modes: Contact mode, Dynamic mode 
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Requirements in Maths and Software 
 Modeling: Two-scale Modelling 
 Design: Robust Optimization Based on the Two-Scale Model 
 Image Processing for Interferometry:  Topographic scan 
 Distributed Control:  Semi-Decentralized 
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 Two-scale Modelling (AFMALab Software) 
 
 Robust Parameter Optimization (SIMBAD Software) 
 
 Image Processing for Interferometry 
 
 Semi-Decentralized Distributed Control  
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Two-Scale Model Principle 
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Modal decomposition in the cantilevers
where                            are the cantilever modes
Discretisation par FEM dans la base
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Motion equation in base at the macroscale
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Two-Scale Model Discretization 
FEM discretization of      in Base 
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Verification & AFMALab Software 
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 Two-scale Modelling (AFMALab Software) 
 
 Robust Parameter Optimization (SIMBAD Software) 
 
 Image Processing for Interferometry 
 
 Semi-Decentralized Distributed Control  
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Robust Parameter Optimization Toolbox 
Sensitivity Analysis: Selection of design variables with the greatest impact 
Deterministic Design Optimization: Optimization of design variables with constraints 
Uncertainty quantification: Impact of manufacturing uncertainties 
AFM Array Design Variables AFM Array Design objectives and constraints 
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Robust Param. Optimization Toolbox 
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 Two-scale Modelling (AFMALab Software) 
 
 Robust Parameter Optimization (SIMBAD Software) 
 
 Image Processing for Interferometry 
 
 Semi-Decentralized Distributed Control  
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Displacement Measurement by Interferometry 
Standard deviation for 
displacement in air in static 
regime: 
Free lever: 0.27 nm 
In contact: 1.4 nm 
 
Less than 25 pixels in the width Image 1024 pixels x 1024 pixels 
Intensity Profile 
Processing 
(patent pending) 
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Sample topography 
Simulation of topographic scan 
with 
Least square algorithm 
2 lines of measurements 
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H-infinity filtering problem 
Standard State formulation for the H-infini filter of the distributed pb: 
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H-infinity problem: 
State variable: 
State equation: 
Observation: 
Estimated state: 
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H-infinity filtering problem 
Standard State formulation for the H-infini filter of the distributed pb: 
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State variable: 
State equation: 
Observation: 
Estimated state: 
                                                         
 
Estimator equations 
with operatorial Riccati equation 
                                                         
 
To be computed in 
real time in FPGA 
Difficult because: 
P = Global 
Operator 
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Cauchy Integral for: 
Holomorphic function f in C 
 
Function of a matrix A: 
 
Function of an operator L: 
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Approximation using a Functional Calculus 
M is the number of quadrature points
iR
R
0
poles of kR
For each z resolution of a 2d-system:                                                          
 
Simulation of the approximated H-infinity Filter: 
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Application to               with                           after a 
preliminary preparation of the Riccati equation: 
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Conclusions 
 
Short review of our results for arrays of 
AFMs 
A two-scale model for the whole array 
sufficiently light to use in optimization 
procedures 
Software developed (best validated for 
1D arrays) 
An optimization toolbox build and 
included 
Validated algorithm for interferometry 
with small number of pixels 
Topographic scan in static regime: 
recover displacements from 2 
measurements and generate images for 
contact mode  
Dynamic regime: H-infinity filter 
approximation based on functional 
calculus 
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Conclusions and Perspectives 
Perspectives (short term) 
 
Complete implementing the full setup and 
force spectroscopy in quasi-static regime 
– A new design based on our software is 
planed at CSEM 
– Verfiying the H-infinity filter approximation 
with the observation comes from 
interferometry measurements 
– Implementing the full measurement chain 
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